Pathologists' opinions of cause of death given at the end of post-mortem (PM) reports have often been used to validate clinicians' death certificates. Information about strokes, common coincident conditions and complications in 120 full PM reports was compared with the pathologists' opinions of cause of death given at the end of the reports. Intracranial haemorrhage and myocardial infarction were mentioned as frequently in the cause of death as in the full PM report. On the other hand, cerebral infarction, precerebral artery occlusion, severe cerebral atheroma, coronary artery occlusion, bronchopneumonia and pulmonary embolism were all under-cited in the causes of death. Whether a pathological condition mentioned in the full PM report also appeared in the cause of death varied with the decedent's age, the extent of the condition and type of stroke. Consideration should be given to using all the information in PM reports rather than just pathologists' opinions of cause of death given at the end of PM reports when studying the validity of clinicians' death certificates.
Introduction
Recently there has been renewed interest in the discrepancy between clinical and post-mortem (PM) assessment of cause of death. A pathologist's opinion of cause of death following either PM (Cameron et al. 1980 , Cameron & McGoogan 1981 , Hartveit 1977 or a retrospective review of PM reports (Puxty et al. 1983 ) has often been used as an external criterion against which to study the validity of clinicians' certificates of cause of death. Several such studies have been concerned in whole or in part with verification of cerebrovascuiar mortality (Florey et al. 1969 , Heasman & Lipworth 1966 . These latter studies have emphasized that cerebral haemorrhage is over-diagnosed by clinicians as a cause of death and that cerebral infarction, coronary thrombosis, hypertension and pneumonia are under-diagnosed as a cause of death. Emery (1962) has questioned the significance of disagreement between clinician and pathologist over cause of death, arguing that where several pathological conditions coexist, a pathologist will have great difficulty deciding which conditions were directly related to death and their sequence. For hospital deaths, the pathologist will have access to case notes and may allow himself to be guided by these. The extent to which a pathologist will allow himself to be guided by the case notes will vary from pathologist to pathologist and with the quality of the case notes. Such problems make it surprising that the information lost between a full PM report and a pathologist's opinion of cause of death given at the end of the report has received no attention, despite the implications of using the latter to validate clinicians' death certificates.
Method
Between December 1970 and May 1972, a register was compiled of all strokes occurring in the catchment area of a district general hospital to be built in the south of England (Weddell & Beresford 1979) . During the course of the stroke register, full PM reports were obtained for 120 (93%) patients undergoing PM who had died from or with a stroke at home, in hospital or in an institution. At the end of the reports, pathologists gave their opinions about cause of death under headings Ia, Ib, Ic and II. For this paper the PM reports and causes of death have been reviewed for any mention of items shown in Table 1 and quantity of information lost between the full PM reports and the pathologists' opinions of cause of death given at the end of the reports.
Results
Table 1 compares the frequency with which different types of stroke were mentioned in the cause of death at the end of the PM reports with the frequency with which they were mentioned in the full PM report. Conditions commonly coincident with strokes, such as myocardial infarction and coronary atheroma, and common complications of stroke, such as bronchopneumonia and pulmonary emboli, are also shown in Table 1 . Subarachnoid haemorrhage and intracerebral haemorrhage were mentioned almost as frequently in the cause of death at the end of the PM report as they were found at PM. On the other hand, cerebral infarction, occlusion of the coronary arteries, bronchopneumonia, and pulmonary emboli were all under-cited as immediate, antecedent or associated causes of death at the end of the PM report. The left ventricle was mentioned as being hypertrophied without obvious cause (aortic and mitral valve disease, healed myocardial infarct, cardiomyopathy, etc) in 38 PM reports. However, hypertension was mentioned as an antecedent or associated cause of death at the end of the PM report on only 15 occasions. One hypothesis tested was that the pathological conditions found at PM but not cited in the cause of death at the end of the PM report would be less extensive than the pathological conditions which were mentioned in the cause of death. There was some evidence to support this hypothesis. Table 1 shows that in cases where cerebral infarction was omitted from the cause of death the infarctions were less extensive (arbitrarily defined as a greater proportion involving the pons and basal ganglia instead of the lobes of the cerebral hemispheres) than in cases where cerebral infarction appeared in the cause of death. Table 1 shows that the frequency with which 'mild-moderate' degrees of cerebral and coronary artery atheroma were omitted from the pathologist's opinion of cause of death was greater than for 'severe' degrees of atheroma of those vessels. Decedents with otherwise unexplained left ventricular hypertrophy where hypertension was and was not mentioned in the cause of death were similar in both mean heart weight and age. However, the two groups differed in type of stroke (Table 1 ).
Decedents about whom information was lost between the full PM report and the cause of death at the end of the report were younger or older than the others depending upon the type of information being considered. Cases of coronary artery occlusion where coronary atheroma was mentioned in the cause of death (mean age 65, range 51-85) were older than the remainder (mean 61, range 57-83). This was also true of cases of 'severe' atheroma of the cerebral arteries (mean age 75, range 56-97; mean age 66, range 51-86 respectively). The reverse was true of cerebral infarction mentioned (mean age 73, range 26-97) and not mentioned (mean age 77, range 58-87) in the cause of death. Where myocardial infarction and cerebral infarction appeared together in the cause of death (19 cases), myocardial infarction cases appearing as la (mean age 64, range 51-76) were younger than those appearing under Ib or Ic (mean 66, range 26-84). The latter were in turn younger than myocardial infarction cases under IT (mean 77, range 71-83). There was no such trend regarding size of the myocardial or cerebral infarction (Table 2) . Table 3 shows the discrepancies between clinicians' certificates of cause of death and the pathologists' opinions of cause of death at the end of the PM reports. The most frequent discrepancy was the relegation of hypertension from section I to section II in cases of cerebral haemorrhage. In 7 cases there was a discrepancy of fact between the two. It was not possible to check whether a condition which appeared only in a pathologist's opinion of cause of death at the end of the PM report was mentioned in hospital records. However, it was possible to check whether a condition which appeared only on a clinician's certificate of cause of death was mentioned in the full PM report. In case numbers 2 and 14 bronchopneumonia had been found at PM. In case number 15 a recent extensive infarction was mentioned in the full PM report.
Discussion
When information in the full PM reports and the pathologists' opinions of cause of death were compared it was found that intracranial haemorrhage was mentioned as frequently in the cause of death as in the full PM reports. On the other hand, cerebral infarction and the conditions commonly coincident with or complicating strokes were all under-cited as causes of death by pathologists at the end of the PM reports.
There was some evidence to support the hypothesis that the pathological conditions found at PM but omitted from the cause of death would be less extensive than those which were mentioned in the cause of death. Cases of cerebral infarction omitted from the cause of death were less extensive than cases not omitted. The frequency with which 'mild-moderate' degrees of cerebral and coronary artery atheroma were omitted from the cause of death was greater than for 'severe' degrees of atheroma of those vessels. However, there was no suggestion of only lesser degrees of carotid artery atheroma being omitted from the cause of death nor of hypertension being mentioned as an antecedent or associated cause of death in only cases of severe left ventricular hypertrophy. Emery (1962) drew attention to the difficulty a pathologist has in deciding on those conditions which are directly related to death where several pathological conditions coexist. The present study gives some insight into the factors by which a pathologist's decisions might vary. Some decisions vary with the type of stroke. Hypertension was mentioned in the cause of death in 12 out of the 19 cases of cerebral haemorrhage but in only one out of 17 cases of cerebral infarction. Being the only consistently established risk factor for cerebral haemorrhage (Tunstall Pedoe 1982) , hypertension readily comes to mind with this type of stroke. However, the Framingham study established the importance of hypertension as a risk factor for cerebral infarction (Kannel et al. 1974) . Other decisions seemed to vary by age.
The importance of severe atheroma or occlusion of the coronary arteries and cerebral arteries being under-cited in the pathologist's opinion of cause of death at the end of the PM report should not be underrated. Coronary or cerebral artery occlusion may be the only indication of myocardial or cerebral infarction where death has occurred suddenly and the changes which would make them visible to the naked eye have not had time to occur (Anderson 1980 , Adams 1980 . Studies which have tried to validate the certification of stroke mortality by clinicians have made use of the pathologist's opinion of cause of death given at the end of the PM report rather than all the information contained in the full PM report. Heasman & Lipworth (1966) found that 145 out of 351 of the clinicians' diagnoses of cerebral infarction did not appear in the pathologists' opinions of cause of death nor did another type of stroke. The 145 certifications of cause of death were therefore judged to be incorrect. However, it now seems possible that an intracranial haemorrhage or a cerebral infarction had been found in at least some of those PMs but was not included in the pathologists' opinions of cause of death, especially as there was little consultation between pathologist and clinician. The present study suggests that pathologists under-cite as a cause of death at the end of a PM report 40% of all cases of cerebral infarction found at PM. Heasman & Lipworth (1966) also suggested that in some cases of coronary disease, hypertension and pneumonia, diagnosis of stroke was made for the first time by a pathologist following a PM. The present study suggests that coronary disease, hypertension and pneumonia in the presence of cerebrovascular disease are, in fact, undercited in causes of death by pathologists at the end of their PM report. Whether coronary occlusion appears in the cause of death at the end of a PM report varies with the age of the patient, as does whether myocardial infarction or cerebral infarction appears in section II if the two conditions coexist. Hypertension is unlikely to appear in the cause of death with cerebral infarction, even though otherwise unexplained left ventricular hypertrophy has been found at PM. Some studies of the discrepancy between clinical and post-mortem assessment of cause of death have brought clinician and pathologist together around the autopsy table (Britton 1974) . Where this is not practical or fails during the course of a large field study (Heasman & Lipworth 1966) , it is suggested that future studies should compare the clinician's certificate of cause of death with all the information contained in the full PM report rather than just the pathologist's opinion of the cause of death given at the end of the PM report.
